ng cells. Each chromosome is

rapped around

i composed of a single
L Proteins called histones. DNA molecules contain
es. In any cell that is not dividing, chromosomes exist as long, thin
atin threads which are spread throughout the nucleus. Chromosomes become
s to divide due to them becoming shorter and thicker.

€ passed on from one generation to the next in

Fe mber of chromosomes per body cell, for example, every human cell has 46 chromosomes.
number of chromosomes in each cell is known as the diploid number or 2n number. Chromosomes
tin pairs known as homologous pairs. Every human cell has 23 pairs, one member of each pair being

maternal origin and the other of paternal origin. With the exception of the pair of sex chromosomes,
embers of each pair look alike.

gametes and each species has a

Jenes

Genes are specific sections of chromosomal DNA molecules and are the basic units of here.:di.tary.

fach human body cell has over 30,000 genes and each gene controls a par'tlcular characteristic. Genes
work by controlling the production of protein in cells, mainly the production of enzymes. Each gene
fontrols the production of a specific protein. iy

tical combination of genes. It is this combination that
Makes each organism unique since no two organisms, except identi'cal'twins or organisms producecti.
asexuall fromgone arent, have the same combination of genes. Wlth'ln' any cell some geTles are ?c ive
hile otzmers are inaF():tive é g.in anerve cell, genes controlling the activity of the nerve cell are active

1 ’ . .

. . H H e.
and genes that would control the activity of a muscle cell are inactiv

ll the cells of one organism contain an iden

ell dIViSiOn
» duced, known as
i i re passed on to the cells pro §
When 3 cell divides, chromosomes with their genes are be tot
: ] ivisi nd meiosis.
“ughter cells. There are two types of cell division, mitosis a

tion of gametes. During mitosis, two genetically

' forma .
ells except in the me number of chromosomes as the parent cell, i.e.

| itOSis 0oC .
curs in all body ¢ '
! ach cell contains the sa

e“ﬁ.cal cells are formed. E
¢ diploid number.

Mitosis i use: ) i i
» important beca Hter cell contains the diploid number of chromosomes. This maintains the
Nsures that each daughte

i embers of a species.
SPecies ny omes in allm
mber of chromos : ; N o o
" ltengy, h h daughter cell has an identical combination of g . . |
* Itis ¢ P i Il cells of a multicellular organism are formed, hence it is essential for
* the method by which a

8fowth and to repair damaged tiss

L] 2 .
Itig the method by which organism
b *2ch other and to the parent.

ues.
s reproduce asexually forming offspring that are identical to
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nuclear membran
3 When the cell is not dividing,

the chromosomes are not visible;
they exist as long, thin strands
called chromatin threads

centrioles

chromatin threads
composed of DNA

The chromosomes shorten, thicken,
duplicate themselves and become visible;
each consists of two identical chromatids
joined at the centromere. The centrioles
separate forming spindle fibres between

centromere

two chromatids

spindle fibres

f

The nuclear membrane disintegrates

and a spindle forms between the centrioles.
The chromatid pairs line up around the
equator of the spindle

centromere — attached ———| {1 NN
to the equator of the spindle 3¢ >< >< >'<
. 1 / “‘ i/l /; /l///_/

spindle fibres

The centromeres split and the spindle fibres
pull the chromatids, by their centromeres,
to opposite poles of the cell

e , d ://A/\S;\\H A
chromatids separating << | 114! il

-
%25

spindle fibres The chromatids reach the opposite

disintegrate poles and are now called chromosomes.
The spindle fibres disintegrate, and the

DTesomes cell constricts at the equator

A nuclear membrane forms around
each group of chromosomes. The cell
divides forming two, identical daughter
cells each with the diploid number of
chromosomes. The chromosomes then
become long and thin so they are no
longer visible

new cell membranes
form

origin

. aternal
Figure 16.1 The process of mitosis in an animal cell with four chromosomes; two of p

(blue) and two of maternal origin (red) by
8¢,

Mitosis and asexual reproduction in plants entplant h
n structures of the P I M

Some plants can rePrOdUCe. asexually by mitosis occurring in certai
a process known as vegetative propagation. Since mitosis prod.uces'
offspring produced asexually from one parent are genetically |den?lca|
clone. Cloning is the process of making genetically identical organisms throu
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,_y?etative propagation
OM vegetative or
‘ 8ans at th R0
fl bulbs (see pagi%?))g_mnmg of the growing season, e.g. from

Wihs of the
o Parent plant, €.8. from runners, leaf buds and suckers.

leaf of the
parent plant

leaf buds develop into
plantlets along the margins
of the leaf. They drop off
and grow into new plants
genetically identical to the
parent plant

adventitious roots

(b leaf buds, e.g. Bryophyllum

»ﬁs—a«rtiﬁcially propagate plants. Cuttings are parts of plal:lts that
new plants if given suitable conditions, e.g. stem cuttings.

pmpagate plants, e.g. to propagate orchids, potatoes apd
ed explants are taken from a parent plant and grown in a :
onditions, to form cell masses known as calluses. Each callus is

te ;ﬂant hormones to grow into a new plant.

m plants with desirable characteristics, e.g. a high yield, high
growth rate, then all plants produced will have the same

‘ vum of a female donor. A cell, still containing its
M?glforsen:laal:lg is fused with the_ ovum. This newly created ovum
: re it is stimulated to develop into an embryo. T.he s;:rrogatg ‘
:"‘a*l-athat is genetically identical to the animal from which the origina
o ‘I w percentage of cloned embryos survive to plrth, and
r;I)n(;blgms or other abnormalities, and reduced life spans.

ns during the production of gametes. During meiosis, four
. Fach cell contains half the number of chromosomes as the

“ber or n number.

res that:
umber of chromosomes. The diploid number can then be
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R, TL e

. anh daughter ce
which enables specie

(see page 156).

Il has a different combination of genes. Ti

§ to constantly change and adapt to changing environm

two chromosomes
of maternal origin

centrioles i ]

two chromosomes
of paternal origin

centromere

centrioles
separating

crossover point

spindle fibres =

spindle

exchanged
segments of
crossed over
chromatids

bivalents
separating

nuclear membrane

The chromosomes
shorten, thicken and
become visible

pair of homologous
chromosomes forming
a bivalent

The homologous
chromosomes pair forming
bivalents. The centrioles
separate forming spindle
fibres between

Each chromosome
duplicates itself forming
two chromatids joined by
a centromere. Adjacent
chromatids cross over
each other

The nuclear membrane
disappears and the
bivalents arrange
themselves around the
equator of the spindle.
The chromatids break at
the crossover points and
rejoin with opposite
chromatids thus
exchanging genetic
material

The homologous
chromosomes of the
bivalents separate and
the spindle fibres pull the
chromosomes, each
composed of two
chromatids, to opposite
poles of the cell

The centrioles jn

A each
forming two New spj =
to the first spingle

SeParate
ndles at right angleg

The nuclear membrane
chromosomes, each ¢
chromatids, line up ar
of the spindles

s disappear. The
0mposed of twg
ound the equators

chromatids
separating

The centromeres split, and the spindle
fibres pull the chromatids to opposite
poles of the cells

The chromatids reach the opposite poles
of the cells and are now called
chromosomes. The spindle fibres
disintegrate. A nuclear membrane forms
around each group of chromosome; .
each cell divides. Four daughter ceils
formed, each with the haploid_ f
chromosomes wrrl\ose c;)mmpezsl

i nt. The chromo
glefgg::e long and thin, S0 they are N

A nuclear membrane
forms around each group
of chromosomes. The
spindle fibres disintegrate
and the centrioles divide.
The cell constricts at the
equator forming two cells

Figure 16.3 The process of meiosis in an animal cell with fou
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. jmmature ovum S |
; cell in the wall of a

Seminiferous tubul

. e
In the testis

Mmeiosis

ed deveiops (@ @ @/ | (/
ture : . _ Sperm cell
E ‘e o

of two cells
¢ mitosis

an embryo composed of
four lcellls - by mitosis
continuing, an adult is eventually

f20rmed with all cells containing the Figure 16.4 The relationship
n number of chromosomes between mitosis and meiosis

sion questions

Outline the relationship between chromosomes and genes.
Outline the process of mitosis in an animal cell.

Give THREE reasons why mitosis is important to living organisms.

Describe TWO different natural ways that plants can reproduce asexually.

Where does meiosis occur in living organisms?

In what ways does meiosis differ from mitosis?

Give TWO reasons why meiosis is important to living organisms.

itance T T

= | L) [ origin and one is of

osomes, genes exist in pairs. One gene of Sl Of|ma(§3;n2hror§\osomes. A gene
rigin, and the pairs occupy equivalent BEIen S h?(mov\cl)ng as alleles. Each gene usually
a particular characteristic can have different forms kno

erent alleles.

osition of genes within the cells of a
characteristics of an organism mak

ism’ {The
n organism makes up the organisms genotype

e up its phenotype:

ism produce very little or no melanin in thﬂ.rf?:rlg'n

eyes and ha|
t alleles whic

h can be represented

e S el T TR RPN Y .



Mmulating melanin production, N, is dominant, i.e. if itis present its ;
PAeNatype, The allelge for albin?sm, n, is reées;ive, i.e. it only has an effect on th:c"f"";;ts effe
No dominant allele present. Three combinations of these alleles are possibe; NN, N (:‘ype ihere
two alleles are the same, the organism is said to be homozygous. If the two allele 54 di';fde"n' fthe
Organism is said to be heterozygous. i

Table 16.1 Possible combinations of the alleles controlling melanin production

Genotype How the alleles appear on Phenotype (appearance)
(combination of alleles) hmologou chromosomes

Normal pigmentation of the

| NN | ¢ %ﬂ ' and hair skin, eyes
 Homozygous dominant = _ |
' (pure breeding) | 1 e e Lt SR
}"&”ﬁ"‘ i Saresig - | i N :J:J'E:ilrp'gme”tat'on of the skin, eyes
};i Heterozygous (carrier) e e
n M L NS SN |
AR —— 5 ~ | Albino-very pale skin that does not tan, -
o ) o= SEEEED | white or light blond hair and very pale
Homozygous recessive ; v —m= | blue eyes
 (pure breeding) n ; AR e A ‘
bl e el RIS R S i SRSt S S S e o o e N T I T T e

Gametes produced in meiosis contain only one chromosom.e from each homologous Pa'g Ahs a result,
they contain only one allele from each pair. When fertilisation occurs, chromosomes and the alleles

they carry recombine to form pairs in the zygote.

Results of possible crosses

1 If one parent is homozygous Parental phenotypes normal pigmentation albino ‘\
dominant and one ES Parental genotypes (2n) NN n
homozygous recessive:

Gametes (n) P
Random fertilisation
First filial generation (F;) genotypes Nn Nn Nn Nn
. — —
First filial generation (F,) phenotypes normal pigmentation
All the offspring have normal pigmentation
2 If one parent is heterozygous and one is S o
: A . . ;
homozygous recessive, showing the use of eA"pasapbpes nerrual pigmegtation X
a Punnett square to predict the outcome of Parental genotypes Nn X nn

the cross: Gametes . X

gametes @

Random fertilisation Nn i »

w | m |
F1 genotypes Nn Nn nn g

;_—\F"‘—J
Fy phenotypes normal pigmentation abino
50% of the offspring have normal pigmentation
50% of the offspring have albinism
_.—-i-—"‘
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normal pigmentation T
N

®©

gametes

normal pigmentation

g

.
:‘;f, phenotypes normal pigmentation

: Ibi
5% of the offspring have normal pigmentation albino

enotype of parents Genotypic ratio of offspring

o ozygous dominant x hOOgds

B inant | 100% homozygous dominant

ozygous dominant x heterozygous | 50% homozygous dominant, | all show the dominant trait
| 50% heterozygous

ozygous dominant x homozygous | 100% heterozygous all show the dominant trait
ssive :

Neterozygous x heterozygous 25% homozygous dominant, | 75% show the dominant
trait,

' ' 50% heterozygous,
25% show the recessive

trait
i.e.a 3:1 ratio

% héterozygous, 50% show the dominant
trait,

50% show the recessive trait
i.e.a1:1 ratio

all show the recessive trait

| 25% homozygous recessive
|

rozygous x homozygous recessive 50
' 50% homozygous recessive

I .
' 100% homozygous recessive

mes neither allele dominates the other such that
uence of both alleles is visible in the heterozygous
ual. These alleles show co-dominance. For ex.amplf ’r:(]i
Mpatiens plant, allele R stimulates the productlﬁflt Oflowers.
rs and allele W stimulates the production g ldewith one
lant with red flowers, genotype RR, is crosgsn have
flowers, genotype ww, all the F, gen<3f|a s include: |
wers with the genotype RW. Other examplée S )

.
Impatiens plants with pink flowgers
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Sickle cell anaemia

The blood of a person with sickle cell anaemia contains abnormal haemoglobin S inste
haemoglpbm A. The disease is caused by an abnormal allele. The normal allele Hb*
production of normal haemoglobin A, the abnormal allele Hb® stimulates the
haemoglobin S. These alleles show co-dominance.

ad of normal
stimulates the

production of abnormal

C

Table 16.3 Possible combinations of alleles controlling haemoglobin production

Hb* Hb* 100% haemoglobin A Normal.
Hb* Hb* 55-65% haemoglobin A Sickle cell trait. Usually no symptoms. Symptormé of
35-45% haemoglobin S ' sickle cell anaemia may develop in very low oxygen

concentrations, e.g. at high altitude or during extrem
physical exercise.

Hb® Hb® 100% haemoglobin S Sickle cell anaemia. é%r;ptoms of sickle cell ana
develop which include painful crises, anaem
~ vuinerability to infections and jaundice

Example

If both parents have sickle cell trait:
; Parental phenotypes sickle cell trait

L
i
!
!

Parental genotypes Hb"Hb®

Gametes

Random fertilisation

F, genotypes




| Phenotype e N8 ABO blood groups

A

N llo 3:223 P e

° 1 ' Blood e
group B |

B 1° Blood group B

[} B Blood group AB

e | BloodgroupO |

Sample @ | ‘-~35~"5t30n

A heterozygous female of blood group A marries a heteroz

- &rct chi . ; ygous male of blo

of their first child having blood group O? Explain your answer by means 0(;‘1%2‘::&& \cNhat gre the chances
-cross diagram.

parental phenotypes blood group A % blood group B

parental geNotYPES AR Y o

Gametes X
‘7 gametes J

Random fertilisation jAB [AC
18|10 190
F, genotypes jAB 1AI° [B|° 100
F, phenotypes blood blood blood blood
group AB group A group B group O

There is a 1 in 4 chance that their first child will have blood group O.

Pedigree charts

Apedigree chart shows how a specific trait is passed down among family members. Pedigree charts
can be used to determine genotypes, Or possible genotypes, of the individuals shown, and to
* predict possible genotypes and phenotypes of future offspring. This information is used by genetic

counsellors to identify potential risks for future offspring developing a genetic disorder.

Example

Achemical substance called PTC tastes bitter to some people and is tasteless to others. The ability to
TC, T, I8 dominant. The non-

taste PTC is controlled by a pair of alleles. The allele enabling tasting of P
taStmg allele, t, is recessive. i ooty

- o

Female, can taste
PTC




Genotypes of individuals 2, 3,5, 6,7 12 13
i PNy ’ ’ ’ ’ 14, M
recessive trait. and 17 must be tt since they all have the

Genotypes of individuals 1,4,8,9,10 and 11 must be Tt since they all had on

the recessive trait or produced at least one offspring with the recessive traite Parent Wi

Genotypes of individuals 15, 16 and 18 could be TT or Tt since both parents were het
eterozygous,

Mechanism of sex determination

. . 2 "‘*~M——.\
In each cell, one pair of chromosomes is composed of the sex chromosomes. There are two t X
; ypes,

and Y, and they determine the individual’s i
’ gender. Genotype XX is female; genot i

the male can pass on the Y chromosome, consequently the father is the Pargent Wyg):é(;ls male. Only

gender of his offspring. ermines the

X

Parental phenotypes

Parental genotypes

Gametes




6.5 Possible combi
nations of alleles controlling p
8 blood clottin
8

otype | Phcnnt\ ‘pe
Female, normal blood clotting
Fem

ale, normal blood clotting (carrier)

Female with haemophilia

Male, normal blood clotting \

Male with haPmoph ha g

SRS

n a fem er, and
etwee emale with normal blood clotting who is a carri
l r, a male with normal

female, normal clotting X male, normal clotti
1 Ing

X" x

0® - 006

gametes' ' @
2y xHy
X" Xy
o . X XY
female, ; male, female, male
normal clotting normal clotting normal clotting with haemophilia

offspring have normal blood clotting
ale offspring have normal blood clotting
offspring have haemophilia

ble to distinguish differences

on and the recessive allele, n,
so colour blindness is

is a sex-linked condition where the sufferer is una

olours. The dominant allele, N, allows normal visi
ness. These ajleies are carried on the X chromosome only,

nit of heredlty which is composed of DNA, occupies a fixed position on a

nd determines a specific characteristic.

ﬁ?ﬁeﬁ} ofa!t&matrye forms of a gene that occupy the san
that control the same characteristic.

’f " esent, pmduces the same phenotype wheth

1e position on a
er its paired allele is

allele is identical.

allele. It is seen

| thﬁ phenotype if its paired
res e of asingle dominant



,:f,,m.: i ! 5 ek I T ( ' leles. [t "‘UI‘I/y

ey s Wi a U/('H 15 VIS[b/C ,'n

' pair of homologous

rent alleles In es/ | aa;w;dfxnrofhonuﬂogOUS

T ——————————

ing organisms are exactly alike, not even identical twins. Variation arises from a

N"r‘ Jl‘v\ O il
nbination of g,enetlc causes and environmental causes. The phenotype of an organism is determined

by \ s genotype and the influences of its environment:

phenotype = genotype + environmental influences

Genetic causes of variation

Genetic variation arises in several ways:

« Meiosis. Every gamete produced by meiosis has a
+ chromatids of homologous chromosomes cre

+ chromosomes arranging themselves aroun
« Sexual reproductlon. Durmg fartlllsatlon, male

Most mutaﬁ@hs :
organism with




as i !\_l)(\\(,f - =
: Variation withi
ation within 5 Species: A S——

I
¢ | \

Ly extreme to th /1\ X %
ta brea.k.l Most organisms fall in the n?iggher | \\. |
an.ge. with fewer at the two extremes j i : \ ‘
eristics shoyv a normal distribution, Ey i.e. the , \ |

de height, weight, foot si - Examples | 5
| |
1

ze, hair colour, and leaf

number of individuals

’ plants. R |
teristics showing continuo iati o i i
controlled by man b onaie Fi .
y y genes and can be affected igure 16.6 A normal distributi
onmental factors. curve showing height <

nuous variation

nuous variation is where characteristi

. ristics show clear cut differ i i
h 4 ; e : ences with no i
uals:::gsl;igelvcl)?id Intq distinct categories, e.g. ABO blood groups, tongutl,nrt;rlir:ed;\tgst.h
e(;)b e ornsdln Ca.ttle. Characteristics showing discontinuous variation $c:;'re usuaﬁ
ed by a single gene and environmental factors have little, if any, influence on them .

ision questions

k.
!

Distinguish between the following pairs of terms:
a gene and allele

b genotype and phenotype

¢ homozygous and heterozygous.

PTC is a chemical that tastes bitter to some people and is tasteless to others. The
ability to taste PTC is dominant. Use appropriate symbols and a genetic-Cross diagram
to show how a couple who can both taste PTC can produce a child who is unable to

taste PTC.

What is co-dominance?

d a male of blood group AB to havea

Is it possible for a female of blood group Aan .
ols and a genetic-cross diagram to

child of blood group B? Use appropriate symb
support your answer.

In humans, is it the mother or father who determines the sex of their children?

Explain your answer by means of a genetic diagram.

What are sex-linked characteristics?

. ; ith normal
Colour blindness is caused by an X-linked, recessive allele. i pa}:erxsh\g/‘l; this is
CO!Ol.Jr vision have a colour blind child. Use a genetic diagram t0 S 2
_ possible (X" = normal vision; X" = colour blindness)-

- Outline THREE ways in which genetic variation arises.
- Gi : iation.
- Give THREE reasons why it is important that living organisms show variatl

e o : nd
By reference to specific examples, distinguish between continuous 2

. ,‘j’:ﬁfimminuous variation.
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